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DESIGN AND CONSTRUCTION STATUS OF THE ENERGY SYSTEM
FOR THE ZTH EXPERIMENT '

H.J. Boenig, R.F. Gribble, J.G. Melton, C.F. Hammer, S.W. Huddleston,
H.E. Konkal, W.A. Reass, J.D. Rogers, B.J. Rosev, J.B. Schillig

Los Aiamos National Laboratory, Los Alamos, NM 87545

Abstract

A large scale reversed-tield pinch fusion experiment, called
ZTH, is being designed and built at Los Alamos. Initially, the
machine will be operating at a 1.7 MA plasma current, howeve’,
the machine can be upgraded to a 4 MA current with many of
the components, such as tha torus, coil system and electrical
power source already having the 4 MA capability. The first plasma
discharges are expected (0 take place in the spring of 1993.
Major alectrical power equipment components, such as a 1430
MVA generator, controlied power supplies, isolation and opening
switches, current interrupter, canacitor banks and transfer resistor
are being designad and procured for this experiment. The design
philosophy of the alectrical system is explained. Tast results of in-
hcuse research are described and the procuremant status of the
major components are summarized.

1. Introduction

Los Alamoc National Laboratery (LANL) is building the
Confinement Physics Research Facility (CPRF) for the Offica of
Fusion Energy of the US Department of Energy. The firsi experimant
in the CPRF wili be a reversed field pinch device. called ZTH, whose
plasma current in initial operation will be iimited by the rating of the
power supplies 10 1 7 MA. Many components of CPRF such as the
torus, the coils and the power source are designed to support higher
plasma currents. A plasma current of 4 MA can be achieved with
the addition of power supplies.

The electrical energy system for CPRF/ZTH consists of a
pulsed generator, an ac distributioin system, controiled power
supplies for the toroida! fiekt, ohmic heating and equilibrium field
coils, isolation and openiny switches, a capacitor bank, a transfe:
rasistor and other electrical equipment.

In a previous paper the preliminary design of the anergy system
tor tha ZTit expenment was described [1]. In this paper progress
in tha design, changes ir. the desinn philosophy, and procuremeant
status of ditforent componaents anc systems are sumrnarized.

2. Puised Generator

LANL has acquired @ 1430 MVA surplus synchronous genarator
and transportec the components, including a 451 ¢ stator and a
234 t rotor tv Los Alamos [2]. Tiie maching is being installed
and is acheduled to be commissionad by early summaer 1990 (3.
The 24 kV ganerator will operate at a maximum speed of 1800
tpm.  About 600 AMJ can be extracted in the 1300 to 1260 rpm
spaed rango. An 8000 hp (8 MW) load commutated invertar will
accelgrate the machine trom standsti't and betweean pulises. A soid-
stat? axcitation system, connacted to LANL'S 13.4 kV utility system,
has anough ovarvoltage capabibiy that the genarator output voltage
can ba kept naarly constant dunng the load pulse. The genaerator
18 being installad with provsion for a 2800 MJ tiywhaal (1400 MJ
axtractable anargy) in tha tuture  The llywheol 18 not nacossary for
a 4 MA ZTH axponimeant.

! Work patrfoimad undar the auspices of the US DOE

3. AC Distribution System

Different options for the interlace between e generator and
the power conversion equiprment have been investigated. A cost
effective way to tie tha generator to ithe pcwar supplies will be by
means of a curran: limiting fuse (CLF). LANL has contacted current
limiting fuse manufacturers and identifiecd several companies with
sufficient expertise to build a fuse for our application. The fuse
will trip currents in excuss of 40 kA. The peak let-through current
is expected to be BO kA, which is about one quartar of the peak
short circuit current. An advantage of the CLF over a conventional
circuit breaker is that the ac bus can be designed electrically and
mechanically for & lower current, and an open aluminum bus system
or a cable connection between the generator terminals and the
power supply building can be used. Line reactors for limiting the
short circuit current can be sliminated, thus providing a stifer power
source.

An SF, breaker with 40 kA intarrupting capability will be placed
in saries with the CLF to intarrupt overcurrents up to 40 kA. The
output ot the SF, breaker is connected to the variable frequency
bus. Major powaer supplies are connected to the variable frequency
bus by vacuum circuit breakers. Only the SF, breaker wili be closed
before and opened after eac.. plasma discharge. The specification
for the CLF is being writien and bid responses are expected to be
gvaluated by the end of 198¢.

4. Poloidal Fleid Energy System
Overview

4.1 Overview. Operation of the ZTH at 1.7 MA can be
achieved with the circuit shewn in Fig. 1. Initial operation at 1.7
MA and a risetime of 200 ms will allow us to reduca the ~umber
of dc current interrupting switches from four to one. Three main
ohmic heating power supplies (P31, PS2, PS3) will provide the coil
charging current. The voltage and current rating of each 12-pulse
supply I8 12.5 kA and 3 kV fuli load voitage. Six 12-puise equilibrium
supplies will be Installed, each having a rating of 2.5 kA and 1.2
kV full loac voltage. One 50 kV, 50 kA dc current interrupter will
intia’s the plasma. All cod termunals and power supply terminals
will be connected 10 a patch panal, allowing difetent circuit options
and futurn component addition, such as insartion of a second dc
currant intarruptor to doubla the voltage for plasma inittation. A
seloctiva relaying systom will ba installed, so that fault currants in the
convertar are intarruptod by the vacuum breaker, and transformar
fauits by the CLF or SF, breakar.

4.2 Converters. The spacilication for the 12 pulse ohmic
healing (OH) supplies have baeen wtiten. LANL will inttially buy
thran 12.5 kA, 3 kV Wil load voltaga OH supplias, with an option for
a fourth ona. The convertors will oparate in parallal dunng charging
of the coils and in sarigs dunng flat top oparation. Tha OH supplias
wilt consist of 2 24 kV vacuum broaker, a dry type transformer and
tha two 8 pulisa natias connacted SCR brdgas

For tha acquisition of the six 12 pulse aculibrium supphos we
are prasantly pursuirg two options  Ona option is the putchasa of
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Fig. 1. ZTH poloidal fleld circuil.

surplus supplies and their moditication for our application, while the
othar option 15 the purchasa of new supplies. Purely economical
reasons will be tha decding lactor between the options.

4.3 Switches. A great number of isolation, disconnect, matal-
10-metal and grounding switches arg required for propar operation
of the poloidal field gnergy system. For the 25 kV, 12.5 kA, and 25
KV, 50 kA isolation switchaes LANL initiaily thought that commercially
avallable 13.8 kV vacuum intarrupters woulc be used. We tasted
two vacuum breakers of two different manufacturers for 1000 shots
at 50 kA, and an /?+ rating of 5 » 10”4+ Both switches passad
tha tests. however, the cost of the switches made us pursuo the
davelopment of a mechanically simplar switch [4] This air drivan
switch, which was aiso successfully tested tor 1,500 shots at 50 kA
and s machanism for 65,000 shots, will be used as an isolation
switch in both & 12.5 kA and a 50 kA vaersion.

4.4 Current Interrupters. The davalopment of a 50 kV,
50 kA dc currant intarrupter started with two 13.8 kV, 1200 A
commarcially avadabla vacuum nterruptars i parallel. Gver 100
narruptions at 50 kV/50 kA wara accomphshad with good curront
shanng In the two parallel branches. In tha meantme, a hoavior
duty ac vacuum intarrypter has Laen daveloped (13 8 kV, 3150 A)
and was instalted i LANL'S naw test tacility i llau of the two paraltel
vroakory,  This broakar was subjactad 1o over 1,000 shots with thn
11 1oading to be nxpectad for ZTH (2.5 = 10Y A’s) provided rom a
50 kA battery bank [56] A simitar, complemantiary dovalopment
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program of a 50 kA, 35 kV breaker using the same vacuum
interrupter took place n italy for the RFX axpenment at Padua.
Dunng the course of both testing schedules the coniact dasign
of the vacuum interrupter was improved. LANL also developed
the appropriate digital instrumaentation for the dc current nterrupter
to monilor each interruption.  This instrumentation is helpful by
giving parametar trends, thus indicating whan vacuum bottles cr
mechanical linkagas must be replsced.

4 5 Transfer Resistor. A staniess steel, low inductance,
watar cooled, linear transfer resistor was ordered. Tha resistor has
a 50 kV (£ 25 kV), HU kA, 130 MJ (180 MJ undar fault conditions)
rating. Thae transter resistor uses 24 identical resistance modules
By connecting rnociulas in parallel and senas. ten ditarent resistance
values, about avenly spacad, can ba obtained betwaeen 0.4 and 4
{2, Delivery of the transier resistor is scheduled for February 1930.

4.6 Equilibrium Feedback Control System  An
equilibtivm faadback control algonthm has beon desgned lor
controlling the six indepandent 12 pulse equilibrium powar supphos
Tha oparation ¢f tha antira wsterm has baan simulatod by a program
which modeals tha plasma, shall, iner, cols and power supphos
Tha simulations show that avan with a total feedbiack deliay of 300
microseconds, the speatied maximum flux surfaca doviation of 5
mm can ba met.

Tha algonthm calculates corroction currants for gach of the
aquiibaum fald (EF) cods from a set ot input signats denved trom
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Fig. 2. ZTH toroidal field circuit.

magnetic probes located between the liner and the she!l, and from
currant measuremaents in each EF and OH coil. The input signals
are thered and convartad 1o axisymmetric Fourier modes 1 through
4. The mode signale are then multiplied by a corrector matrix to
obtain the correction amglitudes. The corrector matrix is obtained
by fiest inventing the coefficiants relating flux at the plasma surlace
to the EF coil currents, and then weighting the result to minimize the
power required to force a correclion. Standard nonlinear P!D signal
processing is used to improve response time and accuracy.

The equilibrium controller aigorithm can be implemaented in
either analog or digital circuitry. While an analog circuit can be much
fasler than a Jigital one, a digital system can be more versalile,
reliable, and less @xpansiva. A Motorola model 188 RISC (Reduced
Instruction Se! Computer) has been purchased for evaluation, Its
responsa time of less than 70 microseconds 1o complete the required
calculations should be sufficient o meet the system performance
specification,

&. Toroidai Field Circuit

Tha design of the toroidal lield (TF) circuit has been complgted.
The major circuit components are shown in Fig. 2. The design
usas a small toroidal tield capacitor bank that constraing ZTH to
operata in fast raversal modo, as previously axplainad n Ref. [1]
Blocking ¢ xdaes have been addad to pravious designs to disconnoc!
the TF capacitor bank fror the circuit at the time of currant raversal,
s0 that the TF fllat-top power supplins can better control the coil
curtent at low current levels. A palch panel is includod in the
design so that sevaral connection coinbinations of TF cods can be
investigatad. The protection circuit for the TF flat top powar supply
inctudes ignitrons in various combinations, 8o that the propat polanty
is always availabie to provide protection.
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Components for the TF circuit are being assembled. The
coil snubber, damping resistors, shunt inductor and ignitron trigger
chassis have been built. LANL will use an axisting 13.75 MW steady
state power supply as the fist top supply. Modifications have 10
be made to this supply for use in tha TF circuit, which include the
variable frequency triggering log.c (60 (0 42 Hz) and changing the
bus from a series bridge arrangement to a parailel arrangement,
The flat top supply will provide 20 kA at 1 kV output voltage. The
24 kV pulsed transformer and the interphase reactor, needed for the
parallel bridge operation, will b@ bought =~~~ sialy.

A bench-top model of the total TF Sircuit was buift 10 test control
teedback circuilry, The current and voltage waveshapes ol critical
paramaters obtainud from the bench top model matched praviously
obtainad digital simulation results.

6. Summary

Major components of the energy system for the ZTH experiment
have been designed and are being purchased. A 1430 MVA
synchronous generator is being installed and shouid be oparationat
by the summar of 1990. A 50 kV, 50 kA dc current interruptet and 4
50 kV, 50 kA isolation switch has been developed and tasted. The
130 MJ transiar resistor has bean purchased. Componants tor the
toroidal tiald circuit are being manufactured. A raducad instruction
sel mictoprocessor has been acquirad to be usad as the equihbrium
feadback controller
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